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OPTICAL CROSS-CONNECT SWITCH WITH INTEGRATED OPTICAL 

SIGNAL TAP 

FIELD OF INVENTION 

The present invention pertains to the field of micro-electro-mechanical- 
system (MEMS) devices. More particularly, the present invention relates to a 
MEMS mirror device. 

BACKGROUND OF THE INVENTION 

A MEMS device is a micro-sized mechanical structure having mechanical 
devices fabricated, for example, by using conventional integrated circuit (IC) 
fabrication methods. One type of MEMS device is a microscopic gimbaled 
mirror device. A gimbaled mirror device includes a mirror component, which 
is suspended off a substrate, and is able to pivot about two axes. Motion is 
caused by electrostatic actuation. Electrostatic actuation creates an electric field 
that causes the mirror component to pivot. By allowing the mirror component 
to pivot in two axes, the mirror component is capable of having an angular 
range of motion in which the mirror component can redirect light beams to 
varying positions across a two-dimensional surface. 

Figure 1 shows an example of a MEMS gimbaled mirror device used to 
redirect light beams in an optical switch. Light beams from fibers 1 located in 
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input fiber array 2 are input to the optical switch and travel through input lens 
array 3. Each beam is then reflected from a mirror located on input movable 
mirror array 4 to another mirror on output mirror array 5. The light beams then 
travel through lens array 6 to output fiber array 7. Thus, a given beam is 
switched from an input fiber of input fiber array 2 to an appropriate output 
fiber of output fiber array 7 by being redirected by mirror arrays 4 and 5. 

For this type of optical networking application, the intensity of the 
signals at the input or the output of the switch may be monitored to verify that 
the network is operating properly. Thus, a fiber tap array 9 is optically coupled 
to the fibers of input fiber array 2. The light beams traveling through each fiber 
of fiber array 2 are then sampled by diverting a portion of the beams through 
fiber tap array 9 to receivers in electrical receiver array 91. The receivers in 
receiver array 91 may convert the optical signals into digital electronic signals, 
or an optical switch may be used to multiplex the signals into a single electrical 
receiver. A disadvantage of this approach is that an individual tap fiber in tap 
array 9 must be converted to each input fiber of input array 2. Another 
disadvantage is that an individual receiver must be connected to each tap fiber. 
Therefore, the cost of monitoring the signals using this approach can be very 
high. 
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SUMMARY OF THE INVENTION 

An optical cross-connect with integrated optical signal tap is disclosed. 
In one embodiment, the switch includes two or more optical fiber input ports, 
lenses to produce coUimated beams, one or more optical taps to couple a 
portion of the optical power from one or more input ports to one or more 
sample ports, movable mirrors to cormect any input port with any output port, 
two or more optical fiber output ports, and lens to couple coUimated beams into 
the output ports. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and not limitation 
in the figures of the accompanying drawings, in which like references indicate 
similar elements, and in which: 

Figure 1 is one embodiment of a sampling apparatus. 

Figure 2 is a cross-section of an embodiment of an optical switch and 
sampling device. 

Figure 3 is a cross-section of an embodiment of an optical switch and 
sampling device with an internal tap sampling optical signals at the switch 
output into a fixed array of fibers. 

Figure 4 is a cross-section of an embodiment of an optical switch and 
sampling device with an internal tap for camera used to monitor or set mirror 
angles for optical beam alignment. 

Figure 5 is a cross-section of an optical switch and sampling device with 
an internal tap coupling the switch inputs to a fixed array of fibers. 

Figure 6 is a cross -section of an embodiment of an optical switch and 
sampling device with an optical tap and pairs of movable mirrors used to 
sample the output signals into one or more optical fibers. 

Figure 7 is a cross-section of an embodiment of an optical switch and 
sampling device with an array of movable mirrors to sample several optical 
signals simultaneously. 
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Figure 8 is a cross-section of an embodiment of an optical switch and 
sampling device with a movable mirror to sample one of the input signals. 

Figure 9 is an embodiment of an optical switch and sampling device 
having sampled mirrors on the same substrate as the input mirror array. 
5 Figure 10 shows another embodiment of an optical switch having a 

sampling device. 

Figure 11 is an embodiment of an optical switch and sampling device 
having sampled mirrors on the same substrate as the input and output mirror 
arrays. 

10 Figure 12 is an embodiment of an optical switch and sampling device 

having a holographic beam splitter to steer the sample beams to mirrors 
interleaved within the input movable mirror array. 

Figure 13 is a cross-section an embodiment of an optical switch and 
sampling device, where sampled optical signals are directed to one or more 
15 photodetectors using a spatial light modulator and a lens. 

Figure 14 is a cross-section an embodiment of an optical switch and 
sampling device, where a movable collimator is used to couple one of the 
sampled signals into an optical fiber. 
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DETAILED DESCRIPTION 

An optical cross-connect with integrated optical signal tap is disclosed. 
In one embodiment, the switch includes two or more optical fiber input ports, 
lenses to produce coUimated beams, one or more optical taps to couple a 
portion of the optical power from one or more input ports to one or more 
sample ports, movable mirrors to connect any input port with any output port, 
two or more optical fiber output ports, and lens to couple coUimated beams into 
the output ports. 

An advantage of the optical cross-connect with integrated optical signal 
tap is providing a free space optical signal tap, thus eliminating the tap fibers of 
the signal taps external to the optical switch. Another advantage of the optical 
cross-cormect with integrated optical signal tap is providing an optical 
sampling device that can use the substrates of other components of the optical 
switch. A further advantage is providing a sampling device that has a fewer 
number of sampling fibers than the number of input and output fibers. Thus, 
the optical sampling device of the present invention can be included in an 
optical switch without all of the expensive hardware components required by 
the external signal taps. 

Figure 2 is an illustration of an exemplary optical switching system 10 
for practicing the invention. For example, optical switching system 10 may 
represent a 3-dimensional optical switching system. A 3-dimensional optical 
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switching system allows for optical coupling between input fibers and output 
fibers in different planes using lens arrays and mirror arrays. The lens arrays 
and mirror arrays provide proper angle and position of light beams traveling 
from input fibers to output fibers. That is, a light beam must leave and enter a 
5 fiber in a direct path. Thus, using the optical switch shown in Figure 2, any 
optical input can be connected to any optical output through the mirror arrays 
20A and 20B, which contain mirrors that can be rotated along two axes. 

Referring to Figure 2, optical switching system 10 includes input fiber 
array 40, input lens array 30A, optical sampling device 25, input MEMS 

10 movable mirror array 20A, output MEMS movable mirror array 20B, output 
lens array SOB, and output fiber array 60. 

Input fiber array 40 provides a plurality of optical fibers 50 for 
transmitting light to input lens array 30A. Input lens array 30A includes a 
plurality of optical lenses, which are used to collimate and focus beams of light 

15 from input fiber array 40 to individual MEMS mirror devices on MEMS input 
movable mirror array 20A. MEMS input movable mirror array 20A includes a 
plurality of electrically addressable MEMS mirror devices 100. 

MEMS mirror device 100 may be a gimbaled mirror device having a 
rectangular shape. Alternatively, MEMS mirror device 100 may be a gimbaled 

20 mirror device having an elliptical or circular shape. The plurality of MEMS 
mirror devices 100 for MEMS input movable nurror array 20A can pivot a 
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mirror component to redirect or reflect light to varying MEMS mirror devices 
on second MEMS mirror array 20B. MEMS output movable mirror array 20B 
also includes a plurality of MEMS mirror devices such as MEMS mirror device 
100/ which are used to redirect and reflect light beams to varying lenses on 
5 output lens array SOB. Output lens array 30B coUimates and focuses beams of 
light from output mirror array 20B to individual output fibers 70 of output fiber 
array 60. 

Optical switching system 100 allows light beams from any input fiber 50 
of input fiber array 40 to be redirected to any output fiber 70 of output fiber 

10 array 60. For example, a light beam following the path *'A" is emitted from one 
input fiber and is redirected using MEMS movable mirror arrays 20A and 20B 
to a different output fiber. The MEMS movable mirror arrays may also be used 
in scanning systems, printing systems, display systems, and other systems that 
require redirecting beamis of light. 

15 As the light beams travel from first lens array 30A to first MEMS mirror 

array 20A, the light beams pass through optical sampling device 25. The light 
beams are separated into a first portion and a second portion. The first portion 
of the Ught beams continue to travel through the optical sampling device 25 to 
output fiber array 60 as discussed above. The sampling portion light beams are 

20 used by device 25 to monitor and evaluate the performance of the optical 
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network. In an alternative embodiment, optical sampling device 25 may be 
located in between second MEMS mirror array 20B and second lens array 30B. 

In one embodiment, the optical signals are sampled as shown in Figure 
3. Light beams 26 traveling from output movable mirror array 20B pass 
5 through an optical tap 80, which may be a free-space optical beam splitter. The 
free-space optical beam splitter 80 splits each light beam, or optical signal, into 
two portions, a stronger majority portion 27 and a weaker sample portion 28. 
The stronger portion 27 of the signal is directed to the output lens array SOB and 
output fiber array 60 of the optical switch. The weaker portion 28 of the signal 
10 directed to optical sampling device 25, which includes sample lens array 17 and 
sample fiber array 18. In one embodiment, the sampled signal 28 is less than 10 
percent of the power of the switch output signal 27 in order to reduce the 
switch loss induced by sampling and to reduce the induced polarization 
dependant loss. 

15 The free-space beam splitter 80 used for the optical tap may be formed 

by a glass plate with an antireflection coating on one surface 81. The other 
surface 82 may have an optical coating that determines the optical splitting ratio 
to the sampled port. Alternatively, surface 82 may be an uncoated dielectric-air 
interface. The optical tap glass plate 80 may be a triangular piece of glass. 

20 Optical tap glass plate 80 may consist of two pieces of glass created together 
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with a reflective coating at the interface. Alternatively, the optical tap 80 may 
be a pellicle beam splitter consisting of a thin dielectric membrane. 

The optical alignment of the light beams may also be monitored or set by 
sending sample signals from optical tap 80 to a camera 85 as shown in Figure 4. 
5 The camera can be used to observe the position of each optical beam relative to 
the lens array. The camera 85 may include a charge-coupled device (CCD). 

The camera can be sensitive to the optical wavelength of the light 26 
traveling through the switch, for example, 1.3um or 1.55um. In one 
implementation, test optical signals are reflected from the mirrors, where the 
10 wavelength of the test signals is chosen for increased sensitivity from the 

camera (for example, less than lum). In one implementation, two sets of test 
optical signals and two cameras are used to determine the mirror angles of each 
array separately, and the test signals are incident from a different angle than the 
optical path. 

15 An alternative embodiment for optical sampling is shown in Figure 5, 

which has optical sampling device 25 located in between input lens array 30A, 
thus providing several advantages. One advantage is keeping the optical path 
length the same as the optical path length in the switch without the tap. 
Another advantage is increasing the power of the sample light beams. 

20 Sampling device 25 includes optical tap 80, and is located in between 

input lens array 30A and input movable mirror array 20B. Optical tap 80 
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separates the light beams 26 into a sample portion 28 of light beams and a 
majority portion 27 of light beams. The sample portion of the input light beams 
are deflected by optical tap 80 through sample lens array 17 to sample fiber 
array 18. The majority portion of the light beams travel through the remainder 
of the switch to output fiber array 60, as discussed above. 

Because the optical tap 80 is located at the input portion of the optical 
switch, the sampled optical power is increased. However, the substrate angle 
of mirror arrays 30A and SOB has been reduced. In one embodiment, the 
substrate angle of mirror arrays 30A and 30B is reduced from 45 degrees to 22.5 
degrees. Alternatively, the angle of the output movable mirror array SOB 
substrate is larger than the rotational angle of the mirrors located on the input 
movable mirror array SOA. This embodiment of an optical tap provides the 
advantage of a free-space optical tap without an increase in optical path length. 

An alternative embodiment of an optical sampling device 25 is shown in 
Figure 6. The alignment tolerances for the optical components in Figure 3 and 
Figure 5, such as a light beam entering an optical fiber in the sampling array, 
are very tight. In Figure 5, each optical sample signal 28 must be incident on a 
sample lens of sample lens array 17 at a correct angle and position for the light 
beam to enter into a single-mode fiber of sample fiber array 18. If the light 
beam 28 is not at a correct angle, the beam will not enter the fiber. 
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An alternative embodiment of an optical sampling dense is shown in 
Figure 6. The embodiment as shown in Figure 6 allows a larger alignment 
tolerance by using a second set of movable mirrors 19A and 19B for aligning the 
sample light beams. The sample portion of the light beams is reflected from tap 
5 movable mirror array 19A and sample movable mirror array 19B to sample lens 
array 17 and sample fiber array 18. Redirecting and aligning the sample light 
beams using mirror arrays 19A and 19B enables each sample light beam 28 to 
strike an optical fiber of sample fiber array 18 at an angle that enables the 
sample light beam to enter the fiber. 

10 In one embodiment of Figure 6, each sample optical fiber of sample fiber 

array 18 can periodically sample a number of input ports from input fiber array 
40. Thus, the number of sample ports, or sample fibers, can be less than the 
number of input fibers, or ports, of input array 40. In this embodiment, the 
number of mirrors in tap movable mirror array 19A may be the same as the 

15 number of fibers in input fiber array 40, in order to sample any input port. 
However, the number of mirrors in sample movable mirror array 19B may be 
the same as the number of fibers in sample fiber array 18. 

The embodiment as shown in Figure 6 can be simplified by using a 
photodetector array 29 to convert the optical signals to electrical signals, as 

20 shown in Figure 7. In the embodiment of Figure 7, the sample movable mirror 
array 19B, and sample fiber array 18 of Figure 6 are not needed. The 
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photodetectors 29 can operate with a wide range of optical beam angles, so only 
one tap movable mirror array 19A is used to direct the desired sample light 
beams from optical tap 80 to photodetectors 29. A lens array may not be 
needed between tap movable mirror array 19A and photodetector array 29 if 
5 the size of the photodetector active region is larger than the size of the optical 
beams. The photodetectors may have high bandwidth to allow operation to 
10GB/ sec, for example. 

Figure 8 is an alternative embodiment of Figure 7 that reduces the 
hardware complexity of Figure 7. Light beams travel from input fiber array 40 

10 to optical tap 80, where the light beams 26 are separated into a sample portion 
28 and a majority portion 27 as discussed above. In this embodiment, only one 
sampled signal 28 is needed at a time. Therefore, a single large movable mirror 
55 can be used to direct a sample light beam from any input fiber of input fiber 
array 40 to a single photodetector 56. 

15 In another embodiment, as shown in Figure 9, the hardware complexity 

of the optical switch with the optical sampling device is reduced by using fewer 
mirror arrays. In this embodiment, the tap movable mirror array is integrated 
on the same substrate as the input movable mirror array to provide a single 
combined input and tap movable mirror array 22A, with the same number of 

20 total mirrors as would be required if the input mirror array and two mirror 
array were separated. 
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Light beams from the input fiber array 40 are approximately coUimated 
by input lens array 30A, The light beams are then separated into a sample 
portion and a majority portion by optical tap 80. The sample portion light 
beams are directed by the combined input and tap movable mirror array 22A to 
5 sample movable mirror array 22B. Then the beams are directed through sample 
lens array 17 into sample fiber array 18. The majority portion light beams are 
directed to output fiber array 60 as discussed above. 

In alternative embodiments, the tap movable mirror array or sample 
movable mirror array can be combined on the same substrate as the input 
10 movable mirror array or output movable mirror array. 

A simplification of the implementation of Figure 9 is shown in Figure 10. 
Tap mirror array 19A and sample mirror array 19B may be formed on the same 
substrate as input mirror array 20A. Sample beams 28 are reflected by tap 80 to 
tap mirrors in array 19A. The beams 28 then are reflected to fixed mirror 25, 
15 which reflects the beams to sample mirror array 19B. The beams 28 are then 
focused by sample lens array 18 and are received by sample fiber array 18. 

A further simplification of the hardware results when the existing lens 
arrays and fiber blocks are used for the sampled ports as shown in Figure 11. 
In this embodiment, the tap movable mirror array is integrated with the output 
20 movable mirror array to create a single combined tap and output movable 

mirror array 57B. The sample movable mirror array is integrated on the same 
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substrate as the input movable mirror array, to provide a single combined 
sample and input movable mirror array 57A. The sample lens array is 
integrated with the input lens array, to provide a single combined sample and 
input lens array 58. The sample fiber array is integrated with the input fiber 
5 array to provide a single combined sample and input fiber array 59. 

The optical tap 80 separates the input light beams from input fiber array 
of combined array 59 into a majority portion and a sample portion. The 
majority light beams pass through optical tap 80 to the input mirrors of 
combined sample and input movable mirror array 57 A, and are reflected to the 

10 output mirrors of combined tap and output mirror array 57B. Then, the 
majority portion light beams are directed to output fiber array 60. 

The sample portion light beams are reflected from optical tap 80 to the 
tap mirror portion of combined tap and output mirror array 57B. Then, the 
sample light beams strike fixed mirror 25, and are reflected to the sample 

15 mirrors on combined sample and input mirror array 57A. Each sample light 
beam is then reflected from array 57 A through a sample lens in combined 
sample and input lens array 58 to a sample optical fiber in combined sample 
and input fiber array 59. 

Another embodiment that also combines the mirror and lens arrays is 

20 shown in Figure 11. In this embodiment, optical tap 80 is a holographic beam 
splitter that separates the input light beams into sample light beams and 
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majority light beams. When the input beams pass through optical tap 80, the 
sample beams are directed at a small angle with respect to the majority beams. 

The optical tap mirrors used to direct the sample beams are interleaved 
on the same substrate with the input mirrors, to provide a combined tap and 
5 input mirror array 43A. The number of tap mirrors in array 43A may be equal 
to the number of input mirrors in combined mirror array 43A. 

The sample mirrors are on the same substrate as the output mirrors to 
provide a combined sample and output mirror array 43B. The number of 
sample mirrors in array 43B may be equal to the number of sample optical 

10 fibers. The output lens array and the sample lens array are combined to 

provide a single combined sample and output lens array 44. The output fiber 
array and the sample fiber array are combined to provide a single combined 
sample and output fiber array 45. 

After the input beams pass through optical tap 80, the sample beams and 

15 the majority beams are reflected from combined tap and input mirror array 43A 
to combined sample and output mirror array 43B. The sample beams and the 
majority beams pass through combined lens array 44 to combined sample and 
output fiber array 45. The majority light beams enter output optical fibers in 
combined fiber array 45. At least one sample light beam enters a sample optical 

20 fiber in combined array 45. The number of sample light beams that enter array 
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45 may be equal to or less than the number of sample optical fibers in combined 
array 45. 

Another embodiment of an apparatus to sample the light beams is 
shown in Figure 12, Optical tap 80 separates the light beams into sample light 
5 beams and majority light beams. The majority light beams are directed through 
the switch to output fiber array 60 as discussed above. Selected sample light 
beams pass through spatial light modulator 35 to lens 36, which directs the 
sample light beam signals onto a photodetector 21. A spatial light modulator 35 
attenuates, or blocks, all of the sample light beams except for a desired sample 

10 signal, so that only the one desired sample signal strikes photodetector 21. In 
this embodiment, the sample light beams pass through the spatial light 
modulator before passing through the lens. However, other arrangements of 
modulator 35 and lens 36 can be used. For example, the light may pass through 
lens 36, then through modulator 35. 

15 The embodiment shown in Figure 12 uses one single photodetector to 

provide an output for the sample signal. In alternative embodiments, the 
sample light beams may be optically split, then directed to multiple 
photodetectors, for example by using multiple lenses. More complicated 
configurations using at least one free-space optical power splitter to allow a 

20 sampled optical signal to be directed to more than one photodetector may also 
be used. 
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Another embodiment of an apparatus to sample the light beams is 
shown in Figure 13, with mechanical actuation of a movable fiber collimator 39, 
including sample lens 37 and sample fiber 38. Input light beams pass from 
input fiber array 40 through input lens array 30A to optical tap 80. The input 
5 beams are split into sample beams and majority beams by optical tap 80. The 
majority beams pass through the switch to output fiber array 60 as discussed 
above. 

The sample light beams are directed to collimator 39. Collimator 39 can 

move along the one or two axes using mechanical actuation. Thus, the 
10 collimator 39 can move to the position of a desired sample light beam. The 

desired sample light beam then enters the collimator 39, where it passes 

through sample lens 37 into sample fiber 38. 

In the foregoing specification, the invention has been described with 

reference to specific exemplary embodiments thereof. It will, however, be 
15 evident that various modifications and changes may be made thereto without 

departing from the broader spirit and scope of the invention as set for in the 

appended claims. The specification and drawings are, accordingly, to be 

regarded in an illustrative rather than a restrictive sense. 



04341.P015 



19 



CLAIMS 



What is claimed is: 



1 1. An optical switch comprising: 

2 a plurality of optical fiber input ports to input light beams into the 

3 switch; 

4 at least one sample port; 

5 at lease one optical tap to generate a sample portion of the light beams; 

6 movable sample mirrors to optically connect the tap to the sample ports; 

7 movable switch mirrors to optically cormect one of the input ports with 

8 one of the output ports; and 

9 a plurality of optical fiber output ports to output the light beams from 
10 the switch. 

1 2. The switch of claim 1 wherein the optical tap, the sample mirrors, and 

2 the sample port comprise a single optical structure. 

1 3. The switch of claim 1 wherein said at least one sample port directs 



2 sample portion of the optical power to a camera. 
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1 4. The switch of claim 1 further comprising a lens array, said lens array 

2 including lenses to coUimate the light beams from the input ports and sample 

3 lenses to coUimate the sample portion into sample ports. 

1 5. The switch of claim 1 wherein said plurality of optical fiber input ports 

2 and said at least one sample port are located in a single input and sample fiber 

3 array block. 

1 6. The switch of claim 1 wherein each input light beam has a corresponding 

2 optical sample port output. 

1 7. The switch of claim 1 wherein the number of sample ports is less than 

2 the number of input ports. 

1 8. The switch of claim 1 wherein the optical tap directs the sample portion 

2 to a movable array of sample mirrors, said sample mirrors direct the sample 

3 portion to optical fibers in said sample ports. 

1 9. The switch of claim 1 wherein optical tap sample portion to a movable 

2 array of sample mirrors, said sample mirrors direct the sample portion to one or 

3 more photodetectors. 
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1 10. The switch of claim 1 wherein a single substrate contains the switch 

2 mirrors and the sample mirrors for the sample port. 

1 11. The switch of claim 1 wherein the sample port comprises a spatial light 

2 modulator that selects a sample portion corresponding to a single light beam, 

3 and a fixed lens directs the selected sample portion to a photodetector. 

1 12. The switch of claim 1 wherein the sample port comprises a spatial light 

2 modulator that selects a sample portion corresponding to a single light beam, 

3 and a fixed lens directs the selected sampled portion to a multimode fiber. 

1 13. The switch of claim 1 wherein the sample port comprises one or more 

2 movable fiber collimators are used to couple one or more sampled signals to an 

3 optical fiber. 

1 14. The switch of claim 1 wherein the sample port further comprises an 

2 optical amplifier to increase the optical power of one or more sample portions 

3 before conversion to one or more electrical signals. 

1 An optical switch comprising: 

2 light input means for inputting light beams into the switch; 
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3 at least one sample port; 

4 optical tap means for generating a sample portion of the light beams; 

5 movable sample mirror means for optically connecting the tap to the 

6 sample ports; 

7 movable switch mirror means for optically connecting one of the input 

8 ports with one of the output ports; and 

9 light output means for outputting the Ught beams from the switch. 



1 16. The switch of claim 15 wherein the optical tap means, the sample mirror 

2 means, and the sample port comprise a single optical structure. 

1 17. The switch of claim 15 further comprising a lens array, said lens array 

2 including lenses to coUimate the light beams from the input means and sample 

3 lenses to collimate the sample portion into the sample ports. 



1 A method comprising: 

2 inputting light beams into an optical switch; 

3 generating a sample portion of the Hght beams and an output portion of 

4 the light beams; 

5 optically directing the sample portion to a sample port; and 

6 optically switching the output portion to an output port. 
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ABSTRACT 

An optical cross-connect with integrated optical signal tap is disclosed. In 
one embodiment, the switch includes two or more optical fiber input ports, 
lenses to produce coUimated beams, one or more optical taps to couple a 
portion of the optical power from one or more input ports to one or more 
sample ports, movable mirrors to connect any input port with any output port, 
two or more optical fiber output ports, and lens to couple coUimated beams into 
the output ports. 



04341.P015 



24 



■10 



OPTICAL SAMPLING 
FIBERS 50 



INPUT 
FIBER ARRAY 
40 



INPUT MOVABLE 
MIRROR ARRAY 20A 




MIRROR 
100 



OUTPUT LENS ARRAY SOB 

FIBERS 70 



OUTPUT MOVABLE 
MIRROR ARRAY 20B 




OUTPUT 
FIBER ARRAY 60 



FIG. 2 



SAMPLE 
FIBER ARRAY 
18 




OUTPUT FIBER 

LENS ARRAY 
ARRAY 60 

FIG. 5 30B 



ELECTRICAL 
RECEIVER 14 




TAP MOVABLE 
MIRROR ARRAY 
19A 



INPUT 
LENS ARRAY 
30A 



INPUT 
FIBER ARRAY 
40 



PHOTO- 
DETECTOR 
ARRAY 29 



INPUT MOVABLE 
MIRROR ARRAY 20A 




OUTPUT MOVABLE 
MIRROR ARRAY 20B 



FIG. 7 



OUTPUT 
LENS 

ARRAY 
SOB 



OUTPUT 
FIBER 
ARRAY 
60 



25 



MOVABLE 
MIRROR 
55 




PHOTO- 
DETECTOR 56 



INPUT MOVABLE 
\ MIRROR ARRAY 20A 



\ ^ 



INPUT 
LENS ARRAY 30A 




OUTPUT MOVABLE '\ ^ 
MIRROR ARRAY 20B 



FIG. 8 



LblMo ARRAY 

ARRAY '^r"^ 
208 



SAMPLE 
MOVABLE 
MIRROR 
ARRAY 22B 

INPUT 
FIBER 
ARRAY 
40 



SAMPLE 
FIBER ARRAY 18 

SAMPLE 
LEWS ARRAY 17 



INPUT-TAP MOVABLE 
MIRROR ARRAY 
22A 




OPTICAL 
INPUT TAP 80 

LENS ARRAY 30A 



OUTPUT MOVABLE 
MIRROR ARRAY 
20B 



FIG. 9 



OUTPUT OUTPUT 
LENS 

ARRAY ^"^5^^ 
SOB 



SAMPLE SAMPLE 

FIBER ARRAYlenS ARRAY 17 

18 ~ 



SAMPLE 
\ \ MIRROR ARRAY 19B 



INPUT 
FIBER 
ARRAY 
40 



TAP MIRROR 
^ ARRAY 19A 




INPUT 
MIRROR ARRAY 20A 



LENS ARRAY 
30A 



LENS 

60 



FIG. 10 



INPUT-SAMPLE 
FIBER ARRAY 59 



OPTICAL 
TAP 80 



. INPUT-SAMPLE MOVABLE 
^^^^^ MIRROR ARRAY 57A 




INPUT-SAMPLE 
LENS ARRAY 
58 



OUTPUT-TAP MOVABLE 
MIRROR ARRAY 
57B 



FIXED 
MIRROR 
25 



OUTPUT 
FIBER 
ARRAY 
60 



FIG. 11 



OUTPUT 
LENS 
ARRAY SOB 




s a: 



00 



COLLIMATOR 39 




INPUT MOVABLE 
MIRROR ARRAY 
20A 



INPUT 
FIBER 
ARRAY 
40 



OUTPUT 
LENS 
ARRAY 30B 



FIG. 14 



OUTPUT MOVABLE 
MIRROR ARRAY 
20B 




OUTPUT 
FIBER 
ARRAY 
60 



Attorney's Docket No.: 04341. P01 5 Patent 
DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below, next to my name. 

I believe I am the original, first, and sole inventor (if only one name is listed below) or an original, 
first, and joint inventor (if plural names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

OPTICAL CROSS-CONNECT SWITCH WITH INTEGRATED OPTICAL SIGNAL TAP 

the specification of which 



X 



is attached hereto, 
was filed on 



United States Application Number 

or PCT International Application Number, 
and was amended on 



as 



{if applicable) 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the clalm(s), as amended by any amendment referred to above. I do not 
know and do not believe that the claimed invention was ever known or used in the United States of 
America before my invention thereof, or patented or described in any printed publication in any 
country before my invention thereof or more than one year prior to this application, that the same 
was not in public use or on sale in the United States of America more than one year prior to this 
application, and that the invention has not been patented or made the subject of an inventor's 
certificate issued before the date of this application in any country foreign to the United States of 
America on an application filed by me or my legal representatives or assigns more than twelve 
months (for a utility patent application) or six months (for a design patent application) prior to this 
application. 

I acknowledge the duty to disclose all information known to me to be material to patentability as 
defined in Title 37, Code of Federal Regulations, Section 1 .56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d), of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified below 
any foreign application for patent or inventor's certificate having a filing date before that of the 
application on which priority is claimed: 

Priority 

Prior Foreign Application(s^ Claimed 



(Number) 



(Country) 



(Day/MonthA'ear Filed) Yes No 



(Number) 



(Country) 



(Day/Month/Year Filed) Yes No 



(Number) 



(Country) 



(Day/MonthA'ear Filed) Yes No 
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I hereby claim the benefit under title 35, United States Code, Section 11 9(e) of any United States 
provisional appljcation(s) listed below: 



(Application Number) Filing Date 



(Application Number) Filing Date 

I hereby claim the benefit under Title 35, United States Code, Section 120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this application 
IS not disclosed in the prior United States application in the manner provided by the first paragraph 
of Title 35, United States Code, Section 1 12, 1 acknowledge the duty to disclose all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1 .56 which became available between the filing date of the prior application and the national 
or PCT international filing date of this application: 



(Application Number) Filing Date (Status patented, 

pending, abandoned) 



(Application Number) Filing Date (Status - patented, 

pending, abandoned) 

I hereby appoint the persons listed on Appendix A hereto (which is incorporated by reference and a 
part of this document) as my respective patent attorneys and patent agents, with full power of 
substitution and revocation, to prosecute this application and to transact all business in the Patent 
and Trademark Office connected herewith. 

Send correspondence to Jeffrey S, Smith , BLAKELY, SOKOLOFF, TAYLOR & 

(Name of Attorney or Agent) 
ZAFMAN LLP, 12400 Wilshire Boulevard 7th Floor, Los Angeles, California 90025 and direct 

telephone calls to Jeffrey S. Smith (408) 720-8300. 

(Name of Attorney or Agent) 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

Full Name of Sole/First Inventor Roger Helkev 



Inventor's Signature Qate 



Residence Montecito. California Citizenship USA 

(City, State) (Country) 

Post Office Address 585 Sycamore Vista 

Montecito. California 931 08 
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Full Name of Second/Joint Inventor John Bowers 



Inventor's Signature Date . 



Residence Santa Barbara. California Citizenship USA 



(City, State) (Country) 

Post Office Address 4601 Sierra Madre 

Santa Barbara. California 93110 

Full Nanne of Third/Joint Inventor Tony Walters 



Inventor's Signature Date . 



Residence Sunnyvale. California Citizenship USA 



(City, State) (Country) 

Post Office Address 

Sunnvvale. California 

Full Name of Fourth/Joint Inventor Kevin Yamada 



Inventor's Signature Date . 



Residence Sunnvvale. California Citizenship USA 



(City, State) (Country) 



Post Office Address 1020 Daisy Court 



Sunnyvale. California 94086 



Full Name of Fifth/Joint Inventor David Welsh 



Inventor's Signature Date . 



Residence Yorba Linda. California Citizenship USA 



(City, State) (Country) 

Post Office Address 20535 Via Talavera 

Yorba Linda. California 92887 
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APPENDIX A 



William E. Alford, Reg. No. 37,764; Farzad E. Amini, Reg. No. P42,261 ; Aloysius T. C. AuYeung, Reg. No. 
35,432; William Thomas Babbitt, Reg. No. 39,591; Carol F. Barry, Reg. No. 41,600; Jordan Michael 
Becker, Reg. No. 39,602; Bradley J. Bereznak, Reg. No. 33,474; Michael A. Bernadicou, Reg. No. 35,934; 
Roger W. Blakely, Jr., Reg. No. 25,831; Gregory D. Caldwell, Reg. No. 39,926; Ronald C. Card, Reg. No. ' 
44,587; Andrew C. Chen, Reg. No. 43,544; Thomas M. Coester, Reg. No. 39,637; Alin Corie, Reg. No. 
P46,244; Dennis M. deGuzman, Reg. No. 41,702; Stephen M. De Klerk, under 37 C.F.R. § 10.9(b); 
Michael Anthony DeSanctis, Reg. No. 39,957; Daniel M. De Vos, Reg. No. 37,813; Robert Andrew Diehl, 
Reg. No. 40,992; Sanjeet Dutta, Reg. No. P46,145; Matthew C. Fagan, Reg. No. 37,542; Tarek N. Fahm'i, 
Reg. No. 41 ,402; Paramita Ghosh, Reg. No. 42,806; James Y. Go, Reg. No. 40,621 ; James A. Henry, 
Reg. No. 41,064; Willmore F. Holbrow III, Reg. No. P41,845; Sheryl Sue Holloway, Reg. No. 37,850; 
George W Hoover II, Reg. No. 32,992; Eric S. Hyman, Reg. No. 30,139; William W. Kidd, Reg. No. 
31 ,772; Sang Hui Kim, Reg. No. 40,450; Eric T. King, Reg. No. 44,188; Erica W. Kuo, Reg. No. 42,775; 
Kurt P. Leyendecker, Reg. No. 42,799; Michael J. Mallie, Reg. No. 36,591 ; Andre L. Marais, under 37 
C.F.R. § 10.9(b); Paul A. Mendonsa, Reg. No. 42,879; barren J. Milliken, Reg. 42,004; Lisa A. Norn's, 
Reg. No. 44,976; Chun M. Ng, Reg. No. 36,878; Thien T. Nguyen, Reg. No. 43,835; Thinh V. Nguyen, 
Reg. No. 42,034; Dennis A. Nicholls, Reg. No. 42,036; Daniel E. Ovanezian, Reg. No. 41,236; Marina 
Portnova, Reg. No. P45,750; Babak Redjaian, Reg. No. 42,096; William F. Ryann, Reg. 44,313; James 
H. Salter, Reg. No. 35,668; William W. Schaal, Reg. No. 39,018; James C. Scheller, Reg. No. 31,195; 
Jeffrey Sam Smith, Reg. No. 39,377; Maria McCormack Sobrino, Reg. No. 31 ,639; Stanley W. Sokoloff, 
Reg. No. 25,128; Judith A. Szepesi, Reg. No. 39,393; Vincent P. Tassinari, Reg. No. 42,179; Edwin H. ' 
Taylor, Reg. No. 25,129; John F. Travis, Reg. No. 43,203; George G. C. Tseng, Reg. No. 41,355; Joseph 
A. Twarowski, Reg. No. 42,191; Lester J. Vincent, Reg. No. 31,460; Glenn E. Von Tersch, Reg. No. 
41 ,364; John Patrick Ward, Reg. No. 40,216; Mark L. Watson, Reg. No. P46,322; Thomas C. Webster, 
Reg. No. P46,154; Charles T. J. Weigell, Reg. No. 43,398; Kirk D. Williams, Reg. No. 42,229; James M. 
Wu, Reg. No. 45,241 ; Steven D. Yates, Reg. No. 42,242; and Norman Zafman, Reg. No. 26,250; my 
patent attorneys, and Justin M. Dillon, Reg. No. 42,486; my patent agent, of BLAKELY, SOKOLOFF, 
TAYLOR & ZAFMAN LLP, with offices located at 12400 Wilshire Boulevard, 7th Floor, Los Angeles, 
California 90025, telephone (310) 207-3800, and James R. Thein, Reg. No. 31 ,710, my patent attorney. 
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APPENDIX B 



Title 37, Code of Federal Regulations, Section 1.56 
Duty to Disclose Information Material to Patentability 

(a) A patent by its very nature is affected with a public interest. The public interest Is best served, 
and the most effective patent examination occurs when, at the time an application is being examined, the 
Office is aware of and evaluates the teachings of ail information material to patentability. Each individual 
associated with the filing and prosecution of a patent application has a duty of candor and good faith in 
dealing with the Office, which includes a duty to disclose to the Office ail information known to that individual 
to be material to patentability as defined in this section. The duty to disclosure information exists with respect 
to each pending claim until the claim Is cancelled or withdrawn from consideration, or the application becomes 
abandoned. Information material to the patentability of a claim that is cancelled or withdrawn from 
consideration need not be submitted if the information is not material to the patentability of any claim 
remaining under consideration in the application. There is no duty to submit information which is not material 
to the patentability of any existing claim. The duty to disclosure ail information known to be material to 
patentability is deemed to be satisfied if all information known to be material to patentability of any claim 
Issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by §§1 .97(b)-(d) 
and 1.98. However, no patent will be granted on an application in connection with which fraud on the Office 
was practiced or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. 
The Office encourages applicants to carefully examine: 

(1 ) Prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) The closest information over which individuals associated with the filing or prosecution of a 
patent application believe any pending claim patentably defines, to make sure that any material information 
contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to 
information already of record or being made or record in the application, and 

(1) It establishes, by itself or In combination with other information, a prima facie case of 
unpatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is 
unpatentable under the preponderance of evidence, burden-of-proof standard, giving each term in the claim 
its broadest reasonable construction consistent with the specification, and before any consideration is given to 
evidence which may be submitted in an attempt to establish a contrary conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the 
meaning of this section are: 

(1) Each inventor named in the application; 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the 
application and who Is associated with the inventor, with the assignee or with anyone to whom there is an 
obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by 
disclosing Information to the attorney, agent, or inventor. 
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